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METHODS AND APPARATUS FOR FIBER-OPTIC MODULES 
WITH SHIELDED HOUSINGS /COVERS WITH FINGERS 

CROSS REFERENCE TO RELATED APPLICATIONS 
5 This United States non-provisional patent application claims 

the benefit and is a divisional application of U.S. Patent 
Application Serial No. 09/782,875, filed February 12, 2001 by 
Dair et al., pending, both of which are to be assigned to E20 
Communications , Inc . 

10 

FIELD OF THE INVENTION 
The invention relates to electromagnetic shielding, and more 
specifically, to electromagnetic shielding of fiber-optic 
modules . 

15 BACKGROUND OF THE INVENTION 

As the need for greater data bandwidth over networks has 
exploded over the past few years, there has been a move towards 
using optical fibers as a transmission medium. Today, optical 
fiber made of dielectric materials are routinely used in 

20 communication channels from large public transmission media to 
Local Area Networks transmitting information from one node to 
another. The main difference between a fiber-optic communication 
system and other types of communication systems is that signals 
are transmitted as light or photons over optical fibers. Optical 

25 fiber or fiber-optic cables enable high speed communication of 
signals by guiding light or photons therein. At each end of a 
fiber-optic cable a transducer may be found that converts a 
light, photon or optical signal into an electrical signal; an 
electrical signal into a light, photon or optical signal; or a 

30 pair of transducers may do both. At a transmission end, an 

electrical-to-optical converter (EO) converts electrical signals 
into light or optical signals. At a receiving end, an optical- 
to-electrical converter (OE) converts a light, photon or optical 
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signal into an electrical signal. In nodes of a communication 
system, it may be desirable to both transmit and receive light or 
optical signals at a node. In which case an optical -to- 
electrical converter (OE, i.e. receiver) and an electrical-to- 
5 optical converter (EO, i.e. transmitter) may be included to 
receive and transmit optical or light signals respectively. 
Therefore, the optical -to-electrical converter (OE, i.e. 
receiver) and the electrical-to-optical converter (EO, i.e. 
transmitter) are oftentimes physically located together as a 

10 single module referred to as an electro-optic, opto-electronic or 
fiber-optic transceiver. Fiber-optic transceivers, including 
fiber-optic transmitters and fiber-optic receivers, can also be 
referred to as fiber-optic modules. 

Because of the high frequency needed in some of the 

15 electronics and the electro-optic components, such as the 
optical-to-electrical converter (OE, i.e. receiver) and 
electrical-to-optical converter (EO, i.e. transmitter), 
electromagnetic radiation can be generated which can interfere 
with other communication systems. This electromagnetic radiation 

20 is oftentimes referred to as electromagnetic interference (EMI) . 
Electromagnetic radiation radiating externally out from a fiber- 
optic module or a system that incorporates the fiber-optic module 
is of great concern. To reduce electromagnetic radiation from 
radiating out of fiber-optic modules and systems with fiber optic 

25 modules as EMI, external electromagnetic shielding of internal 

electronic and opto-electronic components is often utilized. The 
external electromagnetic shielding can additionally reduce 
effects of external electromagnetic radiation on the internal 
components of a fiber-optic module and the system. 

30 An external electromagnetic shield for a fiber-optic module 

is typically formed out of multiple component parts that are 
coupled together. Employing separate components increases the 
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costs of manufacturing fiber-optic transmitters, receivers and 
transceivers . 

It is desirable to reduce the number of components so that 
fiber-optic modules, including fiber-optic transmitters, 
5 receivers and transceivers, are less expensive to manufacture. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a rear isometric view of the fiber-optic module 
according to a first embodiment of the invention 

Figure 2 is a front isometric view of the fiber-optic module 
10 according to the first embodiment of the invention 

Figure 3 is a rear isometric view of a housing/shielding 
unit according to the first embodiment of the invention. 

Figure 4A is a bottom rear isometric view of the 
housing/shielding unit according to the first embodiment of the 
15 invention. 

Figure 4B is a bottom rear isometric view of an alternate 
housing/shielding unit according to an alternate embodiment of 
the invention. 

Figure 5A is an isometric view of a module chassis frame and 
20 a housing/shielding unit according to the first embodiment of the 
invention . 

Figure 5B is an isometric view of a module chassis frame and 
a housing/shielding unit according to an alternate embodiment of 
the invention. 

25 Figure 6 is an exploded view of the fiber-optic module with 

the housing/shielding unit and the module chassis frame according 
to the first embodiment of the invention. 

Figure 7 is an isometric view of a module chassis frame and 
a housing/shielding unit for an fiber-optic module according to a 
30 second embodiment of the invention. 

Figure 8A is a front isometric view of a housing/shielding 
unit according to the second embodiment of the invention. 
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Figure 8B is a front isometric view of an alternate 
housing/shielding unit according to an alternate embodiment of 
the invention. 

Figure 9A is a bottom isometric view of the 
5 housing/shielding unit according to the second embodiment of the 
invention. 

Figure 9B is a bottom rear isometric view of an alternate 
housing/shielding unit according to an alternate embodiment of 
the invention . 

10 Figure 1 OA is a top exploded view of the second embodiment 

of the fiber-optic module according to the invention. 

Figure 10B is a bottom exploded view of the second 
embodiment of the fiber-optic module according to the invention. 
Figure 11A is a side view of the second embodiment of the 
15 fiber-optic module of Figures 10A and 10B mounted within a host 
system. 

Figure 12A is a side view of the first embodiment of the 
fiber-optic module of Figure 6 mounted within a host system. 

Figure 11B is a front view of the second embodiment of the 
20 fiber-optic module of Figures 10A and 10B mounted within a host 
system (panel 1110 of the host system shown in dashed lines) . 

Figure 12B is a front view of the first embodiment of the 
fiber-optic module of Figure 6 mounted within a host system 
(panel 1210 of the host system shown in dashed lines) . 
25 Figure 13 is a perspective view of a host system 

incorporating embodiments of the fiber-optic modules of the 
invention. 

Figure 14 illustrates a starting sheet of material for the 
embodiments of the housing/shielding unit. 
30 Figure 15A illustrates an unfolded flat pattern layout for 

an embodiment of the housing/shielding unit. 

Figure 15B illustrates fold and bend lines on the unfolded 
flat pattern layout of Figure 15A. 
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Figure 15C illustrates an unfolded flat pattern layout for 
an embodiment of the housing/shielding unit. 

Figure 15D illustrates fold and bend lines on the unfolded 
flat pattern layout of Figure 15C. 
5 Figure 16A illustrates an unfolded flat pattern layout for 

an embodiment of the housing/shielding unit. 

Figure 16B illustrates fold and bend lines on the unfolded 
flat pattern layout of Figure 16A. 

Figures 17A-17C illustrate alternate methods of assembling a 
10 housing/shielding unit with a module chassis frame to form a 
fiber-optic module. 




FIG. 

18A is 

a top plan view of a first embodiment 

of our new 


design for a one- 

-piece shielded housing; 




FIG. 

18B is 

a right side elevational view thereof, 

the left 

15 

side 

elevational 

view being a mirror image; 




FIG. 

18C is 

a front elevational view thereof; 




FIG. 

18D is 

a rear elevational view thereof; 




FIG. 

18E is 

a bottom plan view thereof; 




FIG. 

18F is 

a top perspective view thereof; 
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FIG. 

18G is 

a bottom perspective view thereof; 




FIG. 

19A is 

a top plan view of a second embodiment 

of our 


new design for a 

one-piece shielded housing; 




FIG. 

19B is 

a right side elevational view thereof, 

the left 


side 

elevational 

view being a mirror image; 
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FIG. 

19C is 

a front elevational view thereof ,- 




FIG. 

19D is 

a rear elevational view thereof; 




FIG. 

19E is 

a bottom plan view thereof; 




FIG. 

19F is 

a top perspective view thereof; 




FIG. 

19G is 

a bottom perspective view thereof; 
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FIG. 2 OA is a top plan view of a third embodiment of our new 
design for a one-piece shielded housing; 

FIG. 2 OB is a right side elevational view thereof, the left 
side elevational view being a mirror image; 

5 FIG. 2 0C is a front elevational view thereof; 

FIG. 2 0D is a rear elevational view thereof; 

FIG. 2 0E is a bottom plan view thereof; 

FIG. 2 OF is a top perspective view thereof; and 

FIG. 2 0G is a bottom perspective view thereof. 
10 FIG. 21A is a top plan view of a first embodiment of our new 

design of a patterned material layer for a one-piece shielded 
housing; 

FIG. 2 IB is a front elevational view thereof, the rear 
elevational view being a mirror image; 

15 FIG. 21C is a bottom plan view thereof; 

FIG. 21D is a right side elevational view thereof, the left 
side elevational view being a mirror image; 

FIG. 22A is a top plan view of a second embodiment of our 
new design of a patterned material layer for a one-piece shielded 
20 housing; 

FIG. 22B is a front elevational view thereof, the rear 
elevational view being a mirror image; 

FIG. 22C is a bottom plan view thereof; 

FIG. 22D is a right side elevational view thereof, the left 
25 side elevational view being a mirror image; and 

FIG. 23 is a top plan view of a third embodiment of our new 
design of a patterned material layer for a one-piece shielded 
housing, a bottom plan view being a mirror image and the 
patterned material layer being a thin and flat sheet so that only 
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the top plan view need be shown. 

Like reference numbers and designations in the drawings 
indicate like elements providing similar functionality. 

5 The one-piece shielded housing provides electromagnetic 

shielding for a fiber-optic module. 

The patterned material layer is a thin and flat sheet used 
to form a one-piece shielded housing. 
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DETAILED DESCRIPTION OF THE INVENTION 
In the following detailed description of the invention, 
numerous specific details are set forth in order to provide a 
thorough understanding of the invention. However, it will be 
5 obvious to one skilled in the art that the invention may be 

practiced without these specific details. In other instances well 
known methods, procedures, components, and circuits have not been 
described in detail so as not to unnecessarily obscure aspects of 
the invention. 

10 The invention includes embodiments of fiber-optic modules 

and their methods of manufacture and assembly of component parts. 
Fiber-optic module generally refers to fiber-optic transmitter 
modules, fiber-optic receiver modules, and fiber-optic 
transceiver modules. The various fiber-optic modules can also be 

15 referred to as opto-electronic transmitter, receiver or 

transceiver modules; and electro-optic transmitter, receiver or 
transceiver modules. The fiber-optic module of the invention is 
capable of reducing electromagnetic interference (EMI) from both 
the fiber-optic module and from the system that incorporates the 

20 fiber-optic module. In accordance with one embodiment of the 

invention, a fiber-optic module comprises a module chassis frame 
and a housing/shielding unit. The housing/shielding unit can be 
formed of one piece in which case it can also be referred to as a 
one-piece integrated housing/shielding unit, a one piece shielded 

25 housing, an EMI box or container, or a single-piece shielded 
housing integrating a protection function and a shielding 
function. The module chassis frame can also be referred to as a 
chassis, a frame, or a support fixture. The housing/shielding 
unit functions both as a protective outer housing for the fiber- 

30 optic module as well as an EMI suppression device and a chassis 
grounding feature. The housing/shielding unit can protect and 
shield the optical, electrical, and optical-electrical components 
within a fiber-optic module. The housing/shielding unit can be 
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formed out of conductive materials such as a metal, a plated 
plastic, a conductive plastic or other electrically conductive 
material. The module chassis frame can be formed of a 
nonconductive material such as a non- conductive plastic. The 
5 module chassis frame can also be formed of a conductive material 
such as sheet metal, a plated plastic, or conductive plastic so 
as to provide EMI shielding as well. The module chassis frame is 
the central structural support to which components of the fiber- 
optic module attach. These components can include an opto- 

10 electronic transmitter and/or an opto-electronic receiver. In 
the case of a fiber-optic transceiver module, the fiber-optic 
module includes a transmitter optical subassembly, a receiver 
optical subassembly and an electrical subassembly. Each of the 
opto-electronic transmitter and the opto-electronic receiver has 

15 a header which is shielded by a hollow cylindrical shielding 
collar. The hollow cylindrical shielding collar provides 
electromagnetic shielding as well. The opto-electronic 
transmitter may include a Vertical Cavity Surface Emitting Laser 
(VCSEL) or a conventional semiconductor laser mounted inside of 

20 the header. 

The housing/shielding is a multi-sided conductive enclosure 
than can be formed out of sheet metal, plated plastic, conductive 
plastic or other electrically conductive material. In one 
embodiment, sheet metal is etched or stamped to form the 

25 housing/shielding unit. The housing/shielding unit also includes 
a pair of flaps and a septum which allow it to be spot-welded, 
soldered, glued or otherwise fastened after it is attached to the 
module chassis frame. The housing/shielding unit forms an 
enclosure that surrounds the module chassis frame. Fingers or 

30 tabs extend from the housing/shielding unit to ground it to a 
bezel, a faceplate or a wall of a housing of a host system. In 
one embodiment, the fingers press against the bezel, the 
faceplate or the wall of the housing of the host system to seal 
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electromagnetic radiation therein. In another embodiment, the 
fingers press against an opening in the bezel, the faceplate or 
the wall of the housing of the host system to seal 
electromagnetic radiation therein. 
5 The grounding scheme for the fiber-optic module includes 

signal grounding and chassis grounding. Two grounds are utilized 
for isolation to prevent currents induced in the chassis ground 
from affecting the integrity of signal ground. Signal ground is 
provided through one or more ground pins of a transceiver printed 

10 circuit board (PCB) next to the signal pins. The one or more 

ground pins couple to ground traces on a printed circuit board of 
the host system. Chassis ground is established by coupling to an 
outer housing of the host system which is electrically isolated 
from the signal ground. 

15 The invention employs a housing/shielding unit that 

functions both as protective outer housing as well as an EMI 
shield or suppression device. The housing/shielding unit is a 
multi-sided enclosure which can be made from one piece or a 
single piece of sheet metal, plated plastic or other electrically 

20 conductive material having an opening at one end for receiving a 
fiber-optic connector to couple to one or more fiber-optic 
cables . 

Referring now to Figure 1, an fiber-optic module 100 of the 
invention is illustrated. In one embodiment, the fiber-optic 

25 module 100 is a 1x9 fiber-optic transceiver module. In which 
case the fiber-optic module is a duplex-SC transceiver designed 
for use in Gigabit Ethernet applications and is compliant with 
specifications for IEEE- 802. 3z Gigabit Ethernet (lOOOBase-SX) 
and Class 1 Laser Safety regulations, operates with 50/125 

30 micrometer and 62.5/125 micrometer multimode optical fibers, has 
an Industry Standard 1x9 Footprint with integral duplex SC 
connector and meets a mezzanine height standard of 9.8 mm. 
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The fiber-optic module 100 includes a one-piece or single- 
piece integrated housing/shielding unit 115 and a module chassis 
frame 120. The fiber-optic module 100 with the one-piece or 
single-piece integrated housing/shielding unit 115 may also be 
5 referred to as a forward shield configuration. The 

housing/shielding unit 115 functions both as a housing and as an 
EMI shield. The housing/shielding unit 115 minimizes internal 
electromagnetic radiation from radiating outward and interfering 
with other electronic circuits and devices. It also minimizes 

10 external electromagnetic radiation from radiating inward and 

interfering with the operation of the fiber-optic module 100. It 
also minimizes the system electromagnetic radiation from leaking 
out through an opening in a bezel, a faceplate, of a host panel 
through which the fiber-optic module is installed. The module 

15 chassis frame 120 may be formed of a conductive material, such as 
a conductive plastic, to provide EMI shielding and to support 
other components assembled thereto. 

The housing/shielding unit 115 has a top side 116, a left 
side 117, a right side 118, and a back side 119 illustrated in 

20 Figure 1. A pair of tangs 114A and 114B are present in the back 
side 119 in order to couple the back side 119 together with the 
left side 117 and the right side 118 respectively. The left side 
117 and the right side 118 each have a tang 114A and 114B bent 
into an opening of a respective flaps (not shown in Figure 1) . 

25 The housing/shielding unit 115 has one or more fingers 112 

located near a nose 113 of the fiber-optic module 100 at the 
edges of a frontal opening 313. The one or more fingers can also 
be referred to as tabs. The one or more fingers are similarly 
shaped having a body and a tip which is round in one embodiment. 

30 The body of the fingers 112 are bent outward from the main 

surface in one embodiment. In an alternate embodiment the tips 
may be slightly bent from the body of the fingers. The fingers 
can be equally sized and equally spaced or have different sizing 
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and difference spacing between each. Fingers 112A are located 
along an edge of top side 116 of the housing/shielding unit 115. 
Fingers 112B are located along an edge of side 117 of the 
housing/shielding unit 115. Fingers 112C are located along an 
5 edge of side 118 (not shown in Figure 1) of the housing/shielding 
unit 115. Fingers 112D are located along an edge of side 119 
(not shown in Figure 1) of the housing/shielding unit 115. 
Fingers 112A, 112B, 112C and 112D are generally referred to as 
fingers 112. The fingers 112 have a forward curvature and are 

10 bent outwardly and slightly backwards from a frontal opening in 
the housing/shielding unit 115 as illustrated. The fingers 112 
can be used to ground the housing/shielding unit 115 by coupling 
to a bezel or face-plate which is grounded. The fingers 112 are 
illustrated as being a plurality of fingers but can be one or 

15 more fingers on any one or all sides. 

Referring now to Figure 2, the fiber-optic module 100 
includes the housing/shielding unit 115 and the module chassis 
frame 120. The housing/shielding unit further includes a septum 
(not shown in Figure 2) and a nose strap 210. The septum and 

20 nose strap are folded back into the frontal opening of the 
housing/shielding unit around the module chassis frame 120. 
Prior to folding the septum and nose strap back into the frontal 
opening, the electrical, optical and electro-optical components 
are installed on the module chassis frame 12 0 which is then 

25 inserted into the housing 115 in one embodiment, or in another 

embodiment, the housing is folded around the module chassis frame 
120. The nose strap 210 and the septum hold the module chassis 
frame 120 in place within the housing 115. The module chassis 
frame 120 includes one or more optical connector receptacles 211 

30 with optical connector openings 212. In one embodiment, the one 
or more optical connector receptacles 211 are SC optical 
connector receptacles with the optical connector openings 212 
being SC optical connector openings. 
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Referring now to Figure 3, a rear view of the 
housing/shielding unit 115 is shown. The figures 112A, 112B, 
112C, and 112D are located along the edge of the frontal opening 
313 of the housing/shielding unit 115 as shown. The 
5 housing/shielding unit 115 is a rectangular box made of sheet 
metal, plated plastic or any other electrically conductive 
material. Except for a single side of the housing/shielding unit 
115 that is open so that the module chassis frame can be inserted 
into it, all other sides of the housing/shielding unit can be 

10 closed. Once the module chassis frame 120 is inserted into the 
housing/shielding unit 115 through the open side, it is closed to 
minimize electromagnetic radiation from the fiber optic module. 

Referring now to Figure 4A, a bottom view of the 
housing/shielding unit 115 is shown. The housing/shielding unit 

15 115 has an open region 400 in its bottom side. One or more 
fingers 112C are located along the edge 419 of the 
housing/shielding unit 115. The fingers 112 curve outward and 
point more forward from surfaces of the housing/shielding unit. 
The fingers 112 have spring-like resilience (i.e. spring loaded 

20 or flexible) and provide a mechanical and electrical contact 
between the fiber-optic module and a bezel, a face-plate or a 
wall (not shown in Figure 4) . Thus, the fingers 112 can also be 
referred to as spring fingers or forward fingers. There are also 
a pair of flaps 402A and 402B and a septum 411 on the bottom side 

25 of the housing/ shielding unit 115. The septum 411 the flaps 

402A-402B and 405A-405B of the housing/shielding unit can be spot 
welded, soldered, glued, or otherwise fastened together. The 
housing/shielding unit 115 forms an enclosure that surrounds the 
module chassis frame 120. Fingers 112A, 112B, 112C, and 112D can 

30 ground the housing/shielding unit 115 to seal in electromagnetic 
radiation to avoid it affecting a host system, and to avoid the 
electromagnetic radiation of host system from leaking out through 
the bezel or faceplate openings. 

13 


00391 8P01 4 

Referring now to Figure 4B, a bottom left side isometric 
view of an alternate housing/shielding unit 115' is shown. The 
housing/shielding unit 115' differs from housing/shielding unit 
115 in the strap, left side, right side, bottom side and the back 
5 side. The housing/shielding unit 115' is additionally longer so 
that the fingers 112 are nearer the front of the optical 
connector openings 212. That is back side 119 is replaced by 
back side 119' with a retaining flap 429; left side flap 117 is 
replaced by left side flaps 117A and 117B separated by a left 

10 side slit 1511L; right side flap 118 is replaced by right side 
flaps 118A and 118B separated by a right side slit 1511R; bottom 
side flaps 402A, 402B, 405A and 405B are replaced by bottom side 
flaps 415A and 415B; strap 210 is replaced by strap 210', septum 
411 is replaced by septum 411', and open region 400 is replaced 

15 by open region 400' . Otherwise, the housing/shielding unit 115' 
and the housing/shielding unit 115 have similar elements and 
features including the one or more fingers 112A, 112B, 112C, and 
112D. 

The housing/shielding unit 115' forms an enclosure that 
20 surrounds the module chassis frame 12 0 or 120' . Fingers 112A, 
112B, 112C, and 112D can ground the housing/shielding unit 115' 
to seal internal electromagnetic radiation therein to avoid it 
affecting a host system and keep out external electromagnetic 
radiation to increase noise immunity of the electronic and opto- 
25 electronic components inside. It also minimizes the 

electromagnetic radiation of the host system from leaking out of 
the bezel or faceplate openings. 

Referring now to Figure 5A, the housing/shielding unit 115 
and an alternate module chassis frame 120' are illustrated. The 
30 module chassis frame 120' has a single pin opening 536 in its 

base 604' through which all pins 612 may extend but otherwise is 
similar to the module chassis frame 120. The module chassis frame 
120' includes the optical connector receptacles 211 at one end 
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and a left wall 602L and a right wall 602R coupled to the base 
604' at an opposite end. The walls 6021 and 602R each have a 
slot 634L and 634R respectively on their inside surfaces. The 
optical connector receptacles 211 have a rectangular opening or 
5 slot 62 6 along the width of the module chassis frame 120' . 

The housing/shielding unit 115 includes the front nose strap 
210 and the septum 411. The front nose strap 210 may be a metal 
or a plastic band used for fastening or clamping the module 
chassis frame 120 to the housing/shielding unit 115. The front 

10 nose strap 210 can consists of three portions, a first extension 
portion 210A, a wrap portion 210B and a second extension portion 
2 IOC. The wrap portion 210B engages with the slot 63 8 of the 
module chassis frame 120 or 120' . The septum 411 can also be 
welded or bonded to bottom flaps of the housing/shielding unit 

15 115 to hold the module chassis frame therein. 

Referring now to Figure 5B, the alternate housing/shielding 
unit 115' and the alternate module chassis frame 120' are 
illustrated. The housing/shielding unit 115' includes the front 
nose strap 210' and the septum 411' . The front nose strap 210' 

20 may be a metal or a plastic strap used to fasten or clamp the 
module chassis frame 12 0 or 12 0' to the housing/shielding unit 
115'. The front nose strap 210' is a single portion compared to 
the first extension portion 210A, wrap portion 210B and second 
extension portion 210C of the front nose strap 210. The nose 

25 strap 210' engages with the slot 638 of the module chassis frame 
120 or 120'. The septum 411' can be welded or bonded to bottom 
flaps of the housing/shielding unit 115' to hold the module 
chassis frame therein. 

Referring now to Figure 6, an exploded view of the fiber- 

30 optic module 100 of the invention is illustrated. The fiber- 
optic module 100 includes the integrated one-piece 
housing/shielding unit 115, the module chassis frame 12 0, and 
other optical, electrical and opto-electronic components. The 
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module chassis frame 12 0 includes the optical connector 
receptacles 211 at one end and a left wall 602L and a right wall 
. 602R coupled to a base 604 at an opposite end. The walls 6021 
and 602R each have a slot 634L and 634R respectively on their 
5 inside surfaces. The optical connector receptacles 211 have a 
rectangular opening or slot 62 6 along the width of the module 
chassis frame 120. The base 604 has one or more pin openings 
636. 

The optical, electrical and opto-electronic components of 
10 the fiber-optic module 100 are assembled into the module chassis 
frame 120. The components include a printed circuit board (PCB) 
610, a packaged transmitter 62 0 for transmitting optical signals, 
a packaged receiver 621 for receiving optical signals, a pair of 
shielding collars 622A and 622B, a pair of SC connectors 650A and 
15 650B, and a U-Plate 624. The shielding collars 622A and 622B can 
be formed from rolled sheet metal, a plated plastic, a conductive 
plastic, or other conductive material formed into a hollow 
cylinder. 

In one embodiment, the transmitter 62 0 is an 850 -nm VCSEL 
20 and the receiver 621 an integrated GaAs PIN-preamplif ier or PIN- 
diode . 

The printed circuit board 610 includes one or more PCB 
signal pins 612, edge traces 614 on each side for straddle 
mounting the transmitter 620 and the receiver 621, and integrated 

25 circuits 616 for processing signals between the signal pins 612 
and the transmitter 620 and the receiver 621. The integrated 
circuits 616 may use a five volt (5v) , a three volt (3v) or other 
common power supply voltage used in integrated circuits and host 
systems. The PCB signal pins 612 can include a transmit ground 

30 pin for transmitter components and a receive ground pin for 

receiver components. In an alternate embodiment, a single ground 
pin for electronic components may be provided, isolated from any 
shielding ground features for the fiber-optic module. The printed 
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circuit board (PCB) 610 may have a ground plane on its top or 
bottom surfaces to couple to ground and further provide 
electromagnetic shielding . 

The module chassis frame 120 includes a rectangular opening 
5 or slot 626, a pair of mounting posts 632 extending from its base 
604 near left and right sides, slots 634L and 634R on inner sides 
of the walls 602L and 602R, one or more pin openings 636, and one 
or more optical connector receptacles 211 with one or more 
optical connector openings 212. In one embodiment, the one or 

10 more optical connector openings 212 is two and the optical 

connector openings are SC optical connector openings for a duplex 
SC optical connection. The one or more optical connector 
openings 212 is separated by a slot 638. The rectangular opening 
626 receives the U-plate 624. The one or more pin openings 636 

15 receives the one or more PCB signal pins 612 . The slots 634L and 
634R are press-fit slots and receive the sides of the printed 
circuit board 610. The pair of mounting posts 632 allow the 
transceiver to be mechanically coupled to a printed circuit board 
or the like. The mounting posts 632 can also be connected to 

20 chassis ground but should not be connected to signal ground. 

The grounding scheme of the fiber-optic module can be 
divided into categories of signal grounding and chassis 
grounding. The separation of signal grounding from chassis 
grounding can keep currents induced in a chassis ground from 

25 affecting signal integrity. Signal ground is through one or more 
ground pins of the PCB pins 612 coupled from the PCB 610 to a 
ground trace in a host printed circuit board. The 
housing/shielding unit 115 or 115' is part of the chassis ground 
and electrically isolated from the signal ground. The 

30 housing/shielding unit 115 or 115' couples to chassis ground of a 
host system through one or more of the fingers. The one or more 
fingers couple to a host panel near a host panel opening through 
which the fiber-optic module may extend. The fingers surround 
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the host panel opening and effectively reduce the size of the 
opening through which radiated electromagnetic energy may escape 
to seal the host panel opening through which the fiber-optic 
module may protrude. With the housing/shielding unit 115 or 115' 
5 coupled to chassis ground, it acts as a plug to block EMI 

radiated emissions from escaping. Additionally, the smaller the 
host panel opening, the greater the shielding effectiveness as 
the host system begins to resemble a Faraday cage. 

The packaged transmitter 62 0 may contain a VCSEL or a 

10 conventional semiconductor laser and is mounted inside the 

transmitter port 623A. The packaged receiver 621 may include a 
PIN diode that is mounted inside the receiver port 623B. In one 
embodiment, the transmitter and receiver are each packaged into a 
TO package and may be referred to as the Tx Header and Rx Header 

15 respectively. Each of the packaged transmitter 62 0 and receiver 
621 have one or more pins or terminals 619 which couple to the 
edge traces 614 on each side of the printed circuit board 610 to 
straddle mount them. 

The SC connectors 650A and 650B include a lens 651A and 651B 

20 mounted inside ports 623A and 623B respectively. The ports can 
also be referred to as TO-can receptacles, TO-can holders, lens 
holders, etc. Semiconductor lasers and/or PINs can be mounted 
into metal TO-cans, which are then aligned into the ports or 
receptacles. The ports or receptacles have lenses between the 

25 fiber ferrules and the TO-cans. Note that lasers and photodiodes 
are not required to be packaged in TO-cans and can be packaged in 
other ways to mate with various shaped ports or receptacles. The 
ports and the packaging of the semiconductor lasers and/or PINs 
need only facilitate that light can be transmitted or received as 

30 the case may be. Each of the SC connectors 650A and 650B further 
includes a pair of snap lock clips 652 each having a retaining 
protrusion 653, ferrule barrels 654, support struts 656 in a 
front portion. Each of the SC connectors 650A and 650B further 
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includes circular recesses 657 between each of the headers 623A 
and 623B and their respective flanges 655 in a rear portion. 
Each of the circular recesses 657 mates with the U-shaped 
openings 627 of the U-plate 624. 
5 The transmitter package is assembled to the SC connector to 

form the Transmitter Optical Subassembly (Tx OSA) . This 
Transmitter Optical Subassembly is then soldered onto the PCB 
610. Prior to soldering the header assemblies 623A and 623B, the 
pair of shielding collars 622A and 622B are attached with solder 

10 to the rear of the ports 623A and 623B. The PCB 610 may be 

secured by two press -fit slots, one in each inner side of the 
module chassis frame 120. The U-plate 624 provides additional EMI 
sealing by minimizing leakage through the front of the module. 
The U-plate 624 also includes a flap 625 located at its top side. 

15 The U-plate 624 is electrically grounded to the housing/shielding 
unit 115 by the flap 625 making physical contact with the 
housing/shielding unit 115. 

The optical, electro-optical, and the electronic components 
are assembled into the module chassis frame 12 0 or 12 0' before 

20 the housing/shielding unit 115 encloses it. The transmitter 620 
and the receiver 621 have their pins 619 coupled to the traces 
614T and 614B of the printed circuit board 610. In one 
embodiment the pins 619 are straddle mounted to the printed 
circuit board 610 with some pins 619 coupled to the traces 614T 

25 on a top side of the PCB 610 and other pins 619 coupled to the 
traces 614B on a bottom side of the PCB 610. That is, one or 
more pins mount to one or more traces on one side of the printed 
circuit board and another one or more pins mount to one or more 
traces on an opposite side of the printed circuit board. 

30 The shielding collars 622A and 622B are inserted over the 

ports 623A and 623B of the connectors 650A and 650B respectively 
to provide EMI shielding. The TO packaged transmitter 62 0 and 
receiver 621 are coupled into the ports 623B and 623A 
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respectively. This forms the optical subassembly which is then 
attached to the electrical components that is in turn coupled 
into the module chassis frame 120. The front portion of the 
connectors 650A and 650B are inserted into openings 212 in the 
5 nose of the module chassis frame 12 0 so that the pairs of snap 
lock clips 652 of each are nearly flush. Next the U-plate 624 is 
inserted into opening 626 so that its U-openings 627 fit into the 
circular recesses 657 of each respective connector 650A and 650B. 
The U-plate 624 holds the subassembly of the optical and 

10 electrical components coupled into the module chassis frame 120. 
Additionally, the U-plate 624 can couple to the shielding collars 
622A and 622B and the housing/shielding unit 115 or 115' . The 
flap 625 of the U-plate 624 couples to the housing/shielding unit 
115 or 115' when the fiber-optic module is fully assembled. This 

15 can electrically connect the collars 622A and 622B, the U-plate 
624 and the housing/shielding unit 115 or 115' together if all 
are formed of conductive materials. Assuming they are 
electrically connected, grounding the housing/shielding unit 115 
or 115' to chassis ground of a host system can also couple 

20 chassis ground into the U-plate 624 and the shielding collars 

622A and 622B for electromagnetic shielding externally as well as 
internally. The TO-can headers of the receiver and transmitter 
are coupled to signal ground or the respective receiver ground 
and transmitter ground. 

25 After the subassembly of optical and electrical components 

are coupled into the module chassis frame 120 or 120' , the 
housing/shielding unit 115 or 115' can then be assembled around 
it. Assembly of the housing/shielding unit 115 or 115' with the 
module chassis frame 120 or 120' can be performed in different 

30 ways . 

The housing/shielding unit 115 or 115' can be formed out of 
a single sheet of material . It can then be folded around the 
module chassis frame 120 or 120' with the affixed subassembly of 
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optical and electrical components. Alternatively, the 
housing/shielding unit 115 or 115' can be pre-folded out of the 
single sheet of material but for one opening at a front or rear 
end. The module chassis frame 120 or 120' with an affixed 
5 subassembly of optical and electrical components can then be 
inserted into the opening at the front or rear end of the 
housing/shielding unit 115 or 115' . 

In one embodiment, the housing/shielding unit 115 has all 
sides pre-folded but for the back side 119. The back side 119 is 

10 left unfolded so that the module chassis frame 12 0 can be 

inserted through a rear opening of the housing/shielding unit 
115. In this case, a nose end of the module chassis frame 12 0 
and the subassembly of optical and electrical components affixed 
thereto is inserted through the rear opening in the back of the 

15 housing/shielding unit 115 with its nose facing forward. After 
being completely inserted, the back side 119 is then folded down 
to have the tangs 114A and 114B bent inward to mate with window 
openings of flaps coupled to each side 117 and 118 to finish 
assembly of the housing/shielding unit 115 around the module 

20 chassis frame 120. 

In another embodiment, the housing/shielding unit 115 has 
all sides pre-folded but for the septum 411 and strap 210. The 
septum 411 and strap 210 are left unfolded so that the module 
chassis frame 120 can be inserted through a frontal opening of 

25 the housing/shielding unit 115. The septum 411 and strap 210 are 
then folded around the module chassis frame 12 0 to form the 
housing/shielding unit 115. In this case, a rear end of the 
module chassis frame 120 and the affixed subassembly of optical 
and electrical components is inserted through the frontal opening 

30 of the housing/shielding unit 115 so that the rear faces 

rearward. After being completely inserted, the septum 411 and 
strap 210 are then folded down and around as illustrated in 
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Figure 5 to finish assembly of the housing/shielding unit 115 
around the module chassis frame 120. 

In yet another embodiment, all sides of the 
housing/shielding unit 115 are folded around the module chassis 
5 frame 120 and its affixed components. These methods of assembly 
are further described below with reference to Figures 14-17C. 

After assembling the housing/shielding unit 115 around the 
module chassis frame 12 0 and its affixed components, then the 
septum 411 is welded, soldered, glued, or otherwise fastened to 

10 the pair of flaps 402A and 402B as shown in Figure 4. 

Referring now to Figure 7, an perspective view of a 
housing/shielding unit 715 and the module chassis frame 120 for a 
fiber-optic module 700 are illustrated. The housing/shielding 
unit 715 is somewhat similar to the housing/shielding unit 115 

15 but has slightly different dimensions, a few different features 
and employed in different mounting configurations. The 
housing/shielding unit 715 has one or more fingers 712 which are 
carved out of the surfaces near the perimeter 735 of an open end 
739. The one or more fingers can also be referred to as tabs. 

20 The one or more fingers are similarly shaped having a body and a 
tip which is round in one embodiment. The body of the fingers 
712 is bent from the main surface while the tips may be slightly 
bent from the body to horizontal with the surface. The fingers 
712 have a backwards orientation, originating at the front or 

25 nose of the fiber-optic module 700. Thus, the one or more 

fingers 712 may also be referred to as backward fingers and the 
fiber-optic module 700 with the housing/shielding unit 715 may 
also be referred to as a fiber-optic module with a backward 
shield configuration. 

30 The fingers 712 can be grouped into fingers 712A and fingers 

712C located on a top 716 and a bottom 730 respectively of the 
housing/shielding unit 715. Fingers 712B and 712D are located 
along the edges of the opening of the housing/shielding unit 715. 
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Although Figure 7 illustrates six fingers 712A on a top side 716 
and six fingers 712C on a bottom side 730, two fingers 712B on a 
left side 717, and two fingers 712D on a right side 718, one or 
more fingers 727 can provide a means of grounding the 
5 housing/shielding unit 715. 

The housing/shielding unit 715 differs further from the 
housing/shielding unit 115 in that it has a different nose strap 
710. The strap 710 and the septum 711 function similarly to the 
strap 210' and the septum 411 of the housing/shielding unit 115'. 

10 Because the dimensions of the housing/shielding unit 715 are 

larger so that it can extend further forward through an opening, 
the strap 710 differs significantly from the strap 210 of the 
housing/shielding unit 115. 

Referring now to Figure 8A, a front view of the 

15 housing/shielding unit 715 is shown. In this embodiment, the 
housing/shielding unit 715 generally has the shape of an oblong 
box having six sides. Front side 738 has a frontal opening 739 
where the module chassis frame 120 can be inserted. The front 
side 73 8 of the housing/shielding unit 715 includes the septum 

20 710 that is welded or bonded to the flaps 910A and 910B. The 
nose strap 711 also located at the opening 739 is used for 
strapping the housing/shielding unit to the module chassis frame 
120. 

Referring now to Figure 9A, a bottom isometric view of the 
25 housing/shielding unit is shown. Attached to the open end 911 is 
a front strap 710 shown in the folded down position. Also shown, 
are two bottom flaps 910A and 910B for welding or bonding to 
septum 711. 

Referring now to Figure 8B, a front view an alternate 
30 embodiment of the housing/shielding unit 715' is shown. In this 
alternate embodiment, the housing/shielding unit 715' generally 
has a similar shape to the housing/shielding unit 715. The 
housing/shielding unit 715' differs from housing/shielding unit 
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715 in the left side, right side, bottom side and the back side. 
That is back side 719 is replaced by back side 719' with a 
retaining flap 429; left side flap 717 is replaced by left side 
flaps 717A and 717B separated by a left side slit 1611L; right 
5 side flap 718 is replaced by right side flaps 718A and 718B 

separated by a right side slit 1611R; and bottom side flaps 910A 
and 910B are replaced by bottom side flaps 910A' and 910B' - 
Otherwise the housing/shielding unit 715' and the 
housing/shielding unit 715 have similar elements and features 

10 including the one or more fingers 712A, 712B, 712C, and 712D. 

The housing/shielding unit 715' forms an enclosure that 
surrounds a module chassis frame 12 0 or 12 0' . Fingers 712A, 712B, 
712C, and 712D can ground the housing/shielding unit 715' to seal 
in electromagnetic radiation (EMI) to minimize affecting a host 

15 system. 

Referring now to Figure 9B, a bottom isometric view of the 
alternate housing/shielding unit 715' is shown. Attached to the 
open end 911 is a front strap 711 shown in the folded down 
position. Also shown, are two bottom flaps 910A' and 910B' for 

20 welding or bonding to septum 710. 

Referring now to Figures 10A and 10B, a top and bottom 
exploded view of the fiber-optic module 700 of the invention is 
shown. In one embodiment, the fiber-optic module 700 is a 1x9 
fiber-optic transceiver module. In which case, the fiber-optic 

25 module transceiver complies with the industry standard 1x9 

footprint and meets the mezzanine height requirement of 9.8 mm. 

The grounding scheme of the fiber-optic module can be 
divided into categories of signal grounding and chassis 
grounding. The separation of signal ground from chassis ground 

30 can keep currents induced in a chassis ground from affecting 
signal integrity. Signal ground is through one or more ground 
pins of the PCB pins 612 coupled from the PCB 610 to a ground 
trace in a host printed circuit board. The housing/shielding 
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unit 715 or 715' is part of the chassis ground and electrically 
isolated from the signal ground. The housing/shielding unit 715 
or 715' couples to chassis ground of a host system through one or 
more of the fingers 712. The one or more fingers 712 couple to a 
5 host panel near a host panel opening through which the fiber- 
optic module may extend. The fingers 712 contact the host panel 
opening and effectively reduce the size of the opening through 
which radiated electromagnetic energy may escape to seal the host 
panel opening through which the fiber-optic module may protrude. 

10 With the housing/shielding unit 715 or 715' coupled to chassis 
ground, it acts as a plug to block EMI radiated emissions from 
escaping. Additionally, the smaller the host panel opening, the 
greater the shielding effectiveness as the host system begins to 
resemble a Faraday cage. 

15 The fiber-optic module 700 of the invention includes a 

housing/shielding unit 715 or 715', and a module chassis frame 
120 or 120'. The optic, electronic, and opto-electronic 
components of the fiber-optic module are placed into the module 
chassis frame 120. These components and their assembly were 

20 previously described with reference to Figure 6 and the fiber- 
optic module 100 and are not repeated again for brevity. When 
the housing/shielding unit 715 or 715 is assembled around the 
module chassis frame and the optic, electronic, and opto- 
electronic components affixed thereto, it can couple to the flap 

25 625 of the U-plate 624 so that it an be electrically grounded to 
chassis ground. Additionally, the U-plate 624 can couple to the 
shielding collars 622A and 622B. This can electrically connect 
the collars 622A and 622B, the U-plate 624 and the 
housing/shielding unit 715 or 715' together if all are formed of 

30 conductive materials. Assuming they are electrically connected, 
grounding the housing/shielding unit 715 or 715' to chassis 
ground of a host system can also couple chassis ground into the 
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U-plate 624 and the shielding collars 622A and 622B for 
electromagnetic shielding externally as well as internally. 

After all the components have been attached to the module 
chassis frame 120 or 120', the housing/shielding unit 715 or 715' 
5 can then be assembled around it . Assembly of the 

housing/shielding unit 715 or 715' around the module chassis 
frame 12 0 can be performed in the same ways previously described 
for the housing/shielding unit 115 or 115' . 

Referring now to Figures 11A and 11B, a magnified side view 

10 and a magnified frontal view of the fiber-optic module 700 within 
a host system is illustrated. The fiber-optic module 700 
includes a backward shield which is provided by the one-piece or 
single-piece integrated housing/shielding unit 715 or 715' . The 
fiber-optic module 700 with the one-piece or single-piece 

15 integrated housing/shielding unit 715 or 7 15 7 provides an 

extended mount as illustrated by its nose extending beyond a 
bezel or faceplate. The host system may be a hub, switch, 
bridge, server, personal computer, or other network or electronic 
equipment desiring to connect to a communication system using an 

20 fiber-optic module. The fiber-optic module 700 is coupled to a 
printed circuit board 1130 within the host system. A bezel or 
faceplate 1110 of the host system has a transceiver opening 1112 
through which the nose of the fiber-optic module extends when its 
coupled to the host system. The transceiver opening 112 0 of the 

25 bezel 1110 is sized to appropriately mate with the fingers 712 of 
the fiber-optic module 700. The opening 1120 has an inner 
surface 1114 which mates with the fingers 712 to make an 
electrical coupling. By making contact to the inner surface 
1114, a backside surface of the bezel 1110 can be insulated to 

30 avoid shorting an electrical component that might make contact 
thereto. When the nose of the fiber-optic module is inserted 
into the opening 1112 or the opening 1112 is threaded over the 
nose of the fiber-optic module 700, the fingers 712 compress 
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towards the fiber-optic module when mating with the inner surface 
1114 and expand outward to form a tight mechanical fit and a 
reliable electrical connection. The expansion of the fingers 712 
outward effectively make the opening 1120 smaller through which 
5 radiated electromagnetic energy might otherwise escape. The 
fingers 712 also deter the nose of the fiber-optic module 700 
from extending excessively out through the opening 1120 of the 
bezel 1110. With the bezel 1110 grounded by the chassis of the 
host system, the housing/shielding unit 715 of the fiber-optic 
10 module can be grounded by one or more fingers 712 coupling to the 
inner surface 1114 of the opening 1120. Alternatively, the 
housing/shielding unit 715 of the transceiver 700 -can be grounded 
through a pin or other connection coupled to the PCB 113 0 of the 
host system. 

15 Referring now to Figures 12A and 12B, a magnified side view 

and a magnified frontal view of the fiber-optic module 100 within 
a host system is illustrated. The host system may be a switch, 
bridge, a server, personal computer, or other network or 
electronic equipment desiring to connect to a communication 

20 system using an fiber-optic module. The fiber-optic module 100 
is coupled to a printed circuit board 1130 within the host 
system. A bezel or faceplate 1210 of the host system has a 
transceiver opening 122 0 through which the nose of the fiber- 
optic module partially extends when coupled to the host system. 

25 The fiber-optic module 100, a forward shield configuration with 
the one-piece or single-piece integrated housing/shielding unit 
115 or 115', provides a flush mount as illustrated by Figure 12A. 
The transceiver opening 1220 of the bezel 1210 is sized 
appropriately to allow insertion of a fiber-optic connector into 

30 the fiber-optic module 100. The bezel or faceplate 1210 of the 
host system has a backside surface 1214 to which the fingers 112 
can make an electrical and a mechanical coupling. Furthermore, 
the fingers 112 deter the EMI of both the fiber-optic module 100 
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and the host system board 113 0 from extending excessively out 
through the transceiver opening 1212 of the bezel 1210. When the 
nose of the fiber-optic module is inserted into the opening 1112 
or the opening 1112 is threaded over the nose of the fiber-optic 
5 module 100, one or more of the fingers 112 couple to the back 
side surface 1214 around the opening 1212 of the bezel 1210. 
With the bezel 1210 grounded by the chassis of the host system, 
the housing/shielding unit 115 of the fiber-optic module 100 can 
be grounded by one or more fingers 112 coupling to the back side 

10 surface 1214 of the bezel 1210. Alternatively if the bezel is 

coupled to a chassis ground trace, the housing/shielding unit 115 
or 115' of the fiber-optic module 100 can be grounded through a 
pin or other grounding feature that is coupled to a chassis 
ground trace of the PCB 113 0 of the host system commonly coupled 

15 to the bezel. 

Referring now to Figure 13, an exemplary host system 1300 is 
illustrated having the fiber-optic module 100 and the fiber-optic 
module 700. The host system 1300 has a bezel, a faceplate or a 
host panel 1310 with opening 1120 and opening 1220 for the fiber- 

20 optic module 700 and the fiber-optic module 100 respectively. 
The fiber-optic module 700 is coupled to host printed circuit 
board 1130. The fiber-optic module 100 is coupled to host 
printed circuit board 1130' . The host printed circuit boards 
1130 and 1130' may include a ground plane on a top surface or 

25 bottom surface under the area of the fiber optic module 100 and 
700 in order to provide additional electromagnetic shielding. 
With openings 1120 and 1220 being relatively small encompassed by 
the housing/shielding unit 715 or 715' of the fiber-optic module 
700 and the housing/shielding unit 115 or 115' of the fiber-optic 

30 module 100 respectively, the host system 1300 begins to resemble 
a Faraday cage. The housing/shielding unit 115, 115', 715, 715' 
effectively seals openings 1120 and 1220 in the host panel 1310 
to deter electromagnetic radiation from leaking into or out of 
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the host system. The one or more fingers 112 of the 
housing/shielding unit 115 or 115' can surround the opening 122 0. 
The one or more fingers 112 of the housing/shielding unit 115 or 
115' can expand into the opening 1120. With the 
5 housing/shielding unit 115 or 115' coupled to chassis ground, it 
acts as a plug to block EMI radiated emissions from escaping. 

Most equipment such as the host system 1300 utilizing high- 
speed fiber-optic modules are required to meet the requirements 
of: 1) the FCC in the United States; 2) the CENELEC EN55022 

10 (CISPR 22) specification in Europe; and 3) the VCCI in Japan. 
The fiber-optic modules 100 and 700 are designed to perform to 
these specified limits of EMI including complying with FCC Class 
B limits. The fiber-optic modules 100 and 700 are also designed 
to provide good noise immunity from externally generated radio- 

15 frequency electromagnetic fields. Key components in the fiber- 
optic modules 100 and 700 to achieve good electromagnetic 
compliance (EMC) for EMI and external noise immunity are the 
internal shields (shielding collars 622A and 622B and the U-Plate 
624), and a metal or conductive housing/shielding unit 115, 115', 

20 715 or 715' with fingers 112 or 712 respectively of the fiber- 
optic modules 100 and 700. 

The fiber-optic modules 100 and 700 are further designed to 
meet Class 1 eye safety and comply with FDA 21CFR1040.10 and 
1040.11 and the IEC 825-1. 

25 Referring now to Figures 14-17C, methods of forming the 

housing/shielding units 115' and 715' out of a sheet of a 
material layer and assembly with the module chassis frame 120 or 
120' is illustrated. 

In Figure 14, a starting sheet of a layer of material 1400 

30 for the housing/shielding units 115, 115', 715 and 715' is 

illustrated. The sheet of material 1400 is a conductive material 
and can be a metal, a plated plastic, a conductive plastic or 
other known type of electrically conductive material. A first 


29 


003918P014 

step in the process is to stamp, etch or cut the patterns for the 
housing/shielding unit 115, 115', 715 or 715' out of the sheet of 
material 1400. 

Referring now to Figure 15A, an unfolded flat pattern layout 
5 1500 for the housing/shielding unit 115' is illustrated. The 
unfolded flat pattern layout 1500 is a patterned material layer 
for the housing/shielding unit 115' formed out of the starting 
sheet of the layer of material 1400. In the unfolded flat 
pattern layout 1500, the forward fingers 112, tangs 114A and 

10 114B, strap 210 and the septum 411' of the housing/shielding unit 
115' are easily discernable. A pair of left and right window 
openings 1522L and 1522R are also visible in the unfolded flat 
pattern layout 1500. 

Referring now to Figure 15B, fold/bend lines are illustrated 

15 on the unfolded flat pattern layout 1500 to form the 

housing/shielding unit 115' . A slightly alternate pattern and 
alternate fold/bend lines can be utilized to form the 
housing/shielding unit 115. The fold/bend lines illustrated on 
the unfolded flat pattern layout 1500 make other features and 

20 components of the housing/shielding unit 115' discernable. The 
fold/bend lines illustrated in Figure 15B include left flap and 
right flap fold lines 1502L and 1502R, a back flap fold line 
1504, left and right tang fold lines 1505L and 1505R, a retaining 
flap fold line 1506, left wing and right wing fold lines 1508L 

25 and 1508R, finger base bend line 1512, left bottom flap and right 
bottom flap fold lines 1514L and 1514R, a strap fold line 1516, 
and a septum fold line 1517. 

A left wing 152 0L and a right wing 152 OR include tang window 
openings 1522L and 1522R respectively. The tangs 114A and 114B 

30 mate with the tang window openings 1522L and 1522R respectively 
to hold the left wing and right wing coupled to the back side 
119' after folding. The septum 411' is coupled to the right 
bottom flap 415A and the left bottom flap 415B with an adhesive 
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or a weld to hold the housing/ shielding unit and the module 
chassis frame assembled together. 

The left wing fold line 1508L defines the left wing 1520L 
from the left side flap 117B. The right wing fold line 1508R 
5 defines the right wing 1520R from the right side flap 118B. The 
right side fold line 1502R and the right side slit 1511R defines 
right flaps 118A and 118B from the top side 116. The left side 
fold line 1502L and the left side slit 1511L defines left flaps 
117A and 117B from the top side 116. The right bottom flap fold 

10 line 1514R defines the right bottom flap 415A. The left bottom 
flap fold line 1514L defines the left bottom flap 415B. The 
retaining flap fold line 1506 defines a retaining flap 429 
coupled to the back side flap 119' . 

The fold/bend lines illustrated on the unfolded flat pattern 

15 layout 1500 are folded and/or bent to form the housing/shielding 
unit 115' as illustrated in Figure 4B. Generally, the folds 
along fold lines are made at nearly a ninety degree angle but for 
the fold lines of the tangs 114A and 114B and fingers. The 
fingers 112 may be first bent or lastly bent to curve outward 

20 along the bend lines 1512. The left flaps 117A and 117B and the 
right flaps 118A and 118B may be the next to be folded or they 
may be the first to be folded along fold lines 1502L and 1502R. 
The right bottom flap 415A and the left bottom flap 415B are next 
folded along the right bottom flap fold line 1514R and the left 

25 bottom flap fold line 1514L respectively. The next sequence of 
fold/bend steps can depend upon the method of assembly of the 
fiber-optic module utilized. 

In a first case, the front of the housing/shielding unit 
115' is assembled first. In this case, the septum 411' is folded 

30 along fold line 1517 and then the strap 210' is folded along fold 
line 1516. This is followed by the left wing 1520L and the right 
wing 1520R being folded along the left wing fold line 1508L and 
the right wing fold line 1508R respectively; the back side flap 
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119' being folded along the fold line 1504; the tangs 114A and 
114B being folded along fold lines 1505L and 1505R respectively; 
and the retaining flap 429 being folded along the retaining flap 
fold line 1506. 

5 In a second case, the rear of the housing/shielding unit 

115' is assembled first. In this case, the left wing 1520L and 
the right wing 1520R are folded along the left wing fold line 
1508L and the right wing fold line 1508R respectively; the back 
side flap 119' is folded along the fold line 1504; the tangs 114A 

10 and 114B are folded along fold lines 1505L and 1505R 

respectively; and the retaining flap 42 9 is folded along the 
retaining flap fold line 1506. This is followed by the septum 
411' being folded along fold line 1517 and then the strap 210' 
folded along fold line 1516. 

15 In yet another case for assembly of the fiber-optic module, 

either order of assembly in the first or second case can be 
utilized or mixed together. The one or more fingers 112 may 
alternately be bent outward from a frontal opening the into their 
curved shape as a last step in the folding/bending process. 

20 A slightly alternate pattern of the layout 1500 with 

alternate fold/bend lines is utilized to fold and bend into shape 
to form the housing/shielding unit 115 as illustrated in Figures 
1-3, 4A, 5 and 12A. 

Referring now to Figure 15C, an unfolded flat pattern layout 

25 1500' for the housing/shielding unit 115 is illustrated. The 
unfolded flat pattern layout 1500 is a patterned material layer 
for the housing/shielding unit 115 formed out of the starting 
sheet of the layer of material 1400. In the unfolded flat 
pattern layout 1500', the forward fingers 112, tangs 114A and 

30 114B, strap 210 and a septum 411 of the housing/shielding unit 
115 are easily discernable. The pair of left and right window 
openings 1522L and 1522R are also visible in the unfolded flat 
pattern layout 1500' . 
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Referring now to Figure 15D, fold/bend lines are illustrated 
on the unfolded flat pattern layout 1500' to form the 
housing/shielding unit 115. The fold/bend lines illustrated on 
the unfolded flat pattern layout 1500' make other features and 
5 components of the housing/shielding unit 115 discernable. The 
fold/bend lines illustrated in Figure 15D include left flap and 
right flap fold lines 1502L' and 1502R' , a back flap fold line 
1504, left and right tang fold lines 1505L and 1505R, left wing 
and right wing fold lines 1508L and 1508R, finger base bend line 

10 1512, left bottom flap and right bottom flap fold lines 1514L' 
and 1514R' , a first strap fold line 1516' , and a second strap 
fold line 1517' . 

The fold bend lines of the unfolded flat pattern layout 
1500' are similar to the fold/bend lines of the unfolded flat 

15 pattern layout 1500 but for left flap and right flap fold lines 
1502L' and 1502R' , left bottom flap and right bottom flap fold 
lines 1514L' and 1514R' , a first strap fold line 1516' , and a 
second strap fold line 1517' . 

The right side fold line 1502R' defines the right flap 118 

20 from the top side 116. The left side fold line 15021/ defines 
left flap 117 from the top side 116. The right bottom flap fold 
line 1514R' defines the right bottom flaps 402A and 405A. The 
left bottom flap fold line 1514L' defines the left bottom flaps 
402B and 405B. The back fold line 1504 defines the back side 

25 flap 119 from the top side 116. 

The first strap fold line 1516 'and the second strap fold 
line 1517' define the first extension portion 210A, the wrap 
portion 210B and the second extension portion 210C of the strap 
210. The strap 210 is folded along the first strap fold line 

30 1516 'and the second strap fold line 1517' . The septum 411 can 
couple to the right bottom flaps 402A and 405A and the left 
bottom flaps 402B and 405B with an adhesive or a weld to hold the 
housing/shielding unit and the module chassis frame assembled 
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together. 

The fold/bend lines illustrated on the unfolded flat pattern 
layout 1500' are folded and/or bent to form the housing/shielding 
unit 115 as illustrated in Figures 1, 2, 3, and 4A. Generally, 
5 the folds along fold lines are made at nearly a ninety degree 
angle but for the fold lines of the tangs 114A and 114B and 
fingers 112. The fingers 112 may be first bent or lastly bent to 
curve outward along the bend lines 1512. The left flap 117 and 
the right flap 118 may be the next to be folded or they may be 

10 the first to be folded along fold lines 1502L' and 1502R' . The 
right bottom flaps 402A and 405A and the left bottom flaps 402B 
and 405B are next folded along the right bottom flap fold line 
1514R' and the left bottom flap fold line 1514L' respectively. 
The next sequence of fold/bend steps can depend upon the method 

15 of assembly of the fiber-optic module utilized. These were 

previously described with reference to the unfolded flat pattern 
layout 1500 of Figure 15B. 

Referring now to Figure 16A, the unfolded flat pattern 
layout 1600 for the housing/shielding unit 715' is illustrated. 

20 The unfolded flat pattern layout 1600 is a patterned material 
layer for the housing/shielding unit 715' formed out of the 
starting sheet of the layer of material 1400. In the unfolded 
flat pattern layout 1600, the backward fingers 712, tangs 114A 
and 114B, strap 710 and the septum 711 of the housing/shielding 

25 unit 715' are easily discernable. A pair of left and right window 
openings 1622L and 1622R are also visible in the unfolded flat 
pattern layout 1600. 

Referring now to Figure 16B, fold/bend lines are illustrated 
on the unfolded flat pattern layout 160 0 to form the 

30 housing/shielding unit 715' . A slightly alternate pattern and 
alternate fold/bend lines can be utilized to form the 
housing/shielding unit 715. The fold/bend lines illustrated on 
the unfolded flat pattern layout 1600 make other features of the 
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housing/shielding unit 715' discernable. 

The fold/bend lines illustrated in Figure 16B include left 
flap and right flap fold lines 1602L and 1602R, back flap fold 
line 1604, left and right tang fold lines 1605L and 1605R, 
5 retaining flap fold line 1606, left wing and right wing fold 
lines 1608L and 1608R, finger base bend line 1612B, finger tip 
bend line 1612T, left bottom flap and right bottom flap fold 
lines 1614L and 1614R, strap fold line 1616, septum fold line 
1617. Generally, the folds along fold lines are made at nearly a 

10 ninety degree angle but for the fold lines of the tangs 114A and 
114B and fingers. 

A left wing 1620L and a right wing 1620R include window 
openings 1622L and 1622R respectively. The tangs 114A and 114B 
mate with the window openings 1622L and 1622R respectively to 

15 hold the left wing and right wing coupled to the back side 719' 
after folding. 

The left wing fold line 1608L defines the left wing 1620L 
from the left side flap 717B. The right wing fold line 1608R 
defines the right wing 1620R from the right side flap 718B. The 

20 right side fold line 1602R and the right side slit 1611R defines 
right flaps 718A and 718B from the top side 716. The left side 
fold line 1602L and the left side slit 1611L defines left flaps 
717A and 717B from the top side 716. The right bottom flap fold 
line 1614R defines the right bottom flap 910A' . The left bottom 

25 flap fold line 1614L defines the left bottom flap 910B' . The 
retaining flap fold line 1606 defines a retaining flap 1626 
coupled to the back side flap 719' . 

The fold/bend lines illustrated on the unfolded flat pattern 
layout 1600 are respectively folded and/or bent to form the 

30 housing/shielding unit 715' as illustrated in Figures 8B and 9B. 
The sequence of folding and bending of the fold lines in the 
unfolded flat pattern layout 1600 is similar to that of the 
unfolded flat pattern layout 1500 but for the fingers. The 
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fingers 712 for the housing/shielding unit 715' or 715 are 
generally easier to push or pull out of the surface of the 
unfolded flat pattern layout 1600 first. Then, the sequence of 
folding and bending can proceed similarly for any of the three 
5 methods of assembly previously described . 

Referring now to Figures 17A-17C, methods of assembly of the 
housing/shielding units 115 and 715 with the module chassis frame 
120 is illustrated. 

In Figure 17A, the layout 1500 or 1600 are placed on top of 

10 the module chassis frame 12 0. Folding and bending is then 

performed around the module chassis frame 120 or 120' along the 
fold lines and bend lines described in Figures 15A-15B or 16A-16B 
respectively to form the housing/shielding unit 115, 115' , 715 or 
715'. The housing/shielding unit 115, 115' , 715 or 715' then 

15 surrounds the module chassis frame 12 0 or 120' . The tangs 114A 
and 114B are then folded into the window openings 1522L and 1522R 
or 1622L and 1622R. This results in a substantially complete 
fiber-optic module such as fiber-optic module 100 illustrated in 
Figure 1 for example . 

20 In Figure 17B, the layout 1500 or 1600 is first folded and 

bent along the fold lines and bend lines described in Figures 
15A-15B or 16A-16B respectively but for fold lines 1516 and 1517 
or 1616 and 1617. This leaves the front of the housing/shielding 
unit 115, 115', 715 or 715' open without the strap 710 and the 

25 septum 711 being folded. The module chassis frame 120 or 120' 
with the affixed components is inserted into the frontal opening 
with its rear entering first. Then the strap 210, 210' or 710 
and the septum 411 or 711 are then folded fold lines 1516 and 
1517 or 1616 and 1617 as described in Figures 15A-15B and Figure 

30 16A-16B to hold the module chassis frame 120 or 120' within the 
housing/shielding unit 115, 115', 715 or 715'. After being 
folded, the septum 411 or 711 is affixed in place by being welded 
by spot welding, soldered with a solder, glued with an adhesive 
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or otherwise fastened to a pair of bottom flaps. This results in 
a substantially complete fiber-optic module such as fiber-optic 
module 100 illustrated in Figure 1 for example. 

In Figure 17C, the layout 1500 or 1600 is first folded and 
5 bent along the fold lines and bend lines described in Figures 
15A-15B or 16A-16B respectively but for fold lines 1504, 1505L, 
1505R, 1506, 1508L and 1508R or 1604, 1605L, 1605R, 1606, 1608L 
and 1608R. After being folded, the septum 411 or 711 is affixed 
in place by glue or welding. This leaves the rear of the 

10 housing/shielding unit 115, 115', 715 or 715' open without the 

back side flap 119' or 719' and the left and right wings 1520L or 
1620L and 1520L or 1620R being folded. The front end of the 
module chassis frame 12 0 or 12 0' with the affixed components is 
inserted into the rear opening of the housing/shielding unit, 

15 nose first. The left and right wings 1620L and 1620R are then 
folded followed by back side flap 119' or 719' along fold lines 
1504, 1506, 1508L and 1508R or 1604, 1606, 1608L and 1608R as 
shown and described in Figures 15A-15B or 16A-16B respectively. 
The tangs 114A and 114B are then folded along fold lines 1505L 

20 and 1505R or 1605L and 1605R into the openings 1522L and 1522R or 
1622L and 1622R respectively. With the back side flap 119' or 
719' held in place, the housing/shielding unit 115, 115', 715 or 
715' is held around the module chassis frame 12 0 or 120' . This 
results in a substantially complete fiber-optic module such as 

25 fiber-optic module 100 illustrated in Figure 1 for example. 

The invention has many advantages over the prior art. One 
advantage of the invention is that a housing/shielding unit is 
used to reduce electromagnetic interference and increase noise 
immunity. Another advantage of the invention is that costs of 

30 manufacturing of fiber-optic modules can be reduced due to 

reduced component count. Another advantage of the invention is 
that only one finger need contact a grounded faceplate or bezel 
of a host system in order to ground the housing/shielding unit. 
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Another advantage of the invention is a number of different 
assembly techniques may be used to assemble the housing/shielding 
unit with other components to form a fiber-optic module. Other 
advantages of the invention will become obvious to those of 
5 ordinary skill in the art after thoroughly reading this 
disclosure . 

The preferred embodiments of the invention are thus 
described. While the invention has been described in particular 
embodiments, the invention should not be construed as limited by 

10 such embodiments. For example, the fiber-optic modules 100 and 
70 0 have been described as having one or more pairs of a 
transmitter and a receiver for a fiber-optic transceiver module. 
However, the fiber-optic modules 100 and 700 may also have one or 
more transmitters only or one or more receivers only for a fiber- 

15 optic transmitter module or a fiber-optic receiver module. 

Rather, the invention should be construed according to the claims 
that follow below. 
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